This article describes the results of a search for sites of liquefaction in the 1929 M=7.6 Murchison and the 1968, M=7.l Inangahua earthquakes in the Buller region of New Zealand.
INTRODUCTION
A general study of historical cases of seismic liquefaction in New Zealand (Fairless, 1984; Fairless and Berrill, 1984) suggests that liquefaction has been common in large New Zealand earthquakes, and that it occurred quite widely in the 1968, M 7.1 Inangahua earthquake. Prompted by the number of cases found in the literature by Fairless, a more intensive search was mounted for occurrences of liquefaction in the Buller region, the scene of the 1968 earthquake. Several new cases were found, together with additional information about previously known ones.
As well, a number of cases from the 1929, M = 7.6 Murchison earthquake were discovered, some sites having liquefied in both earthquakes.
Further, two sites near Westport possibly liquefied during the 1962 Westport earthquake sequence (Adams and Le Fort, 1963) but we wish to obtain corroboration of this before publishing details.
The aim of this article is to report the evidence of past liquefaction found in the Buller region and to pin-point sites for further investigation, and for inspection following future earthquakes. Sources of information include reports in the literature and press interviews with eyewitnesses and aerial photographs taken a few days after the Inangahua earthquake. Even in 1968, sand liquefaction did not attract the interest that it does today and most references to liquefaction in the literature are cursory, with few details or specific locations given.
For 1929 no mention of liquefaction effects such as sand ejection or movement of near-flat slopes could be found in the technical literature. Both were shallow focus events with surface faulting, predominantly in a thrust mode.
Brief seismological descriptions of the earthquakes are given in the appendix and further geological and seismological references may be found from the bibliography.
It is of interest to note that most of the Inangahua aftershocks lie within the MM IX isoseismal, indicating this was the region of rupture, with rupture propagating southwestwards from a northern hypocentre. Figure 2 shows the sites of liquefaction that have been positively identified. These sites are listed in Table 1 In the following paragraphs each site will be discussed in more detail.
SITES OF LIQUEFACTION

General Remarks
Three Channel Flat
Extensive ejection of sand was observed at Three Channel Flat following the 1968 earthquake. The flat comprises a system of low terraces of Recent alluvium. The photograph shown in Figure 4 was taken on the day after the earthquake. The present owner of the land, Mr Warren Inwood, also remembers seeing the ejected sand, although he did not own the land himself at the time. The extent of sand ejection is clear from Figure 5 , a vertical aerial photograph taken 5 days after the earthquake.
The flat comprises a system of low terraces of Recent alluvium.
Extensive hand auger boring at the south end of the flat shows a layer of silt 3 to 4m thick overlying fine sands of variable thickness over gravels (Ooi, 1987; Adlam, 1988) . Thickness of the sand layer increases towards the outside of the abandoned south channel evident in Figure 5 , and decreases towards the inside of the channel, marked by the absence of sand boils. It appears that where there is sand, it was ejected in 1968.
The paddocks to the north of the central vehicle track have been extensively regraded since 1968 and their contours changed markedly. But to the south of the track the terrain is essentially the same, although some fences have been moved. The two paddocks at the south end of the flat (in the foreground of Figure 4 ) have been ploughed two or three times since 1968 yet 177 in them it is still possible to pick up lenses of fine grey sand, presumably the ejecta, starting at depths of up to 200mm below the ground surface. After ploughing, while the soil is still moist, Mr Inwood reports that the patches of grey sand stand out markedly from the darker silts. The sand possibly owes its being buried to the ploughing, but possibly also to a build up of silt since 1968, as the paddocks are flooded about once a year.
Of the various sites of liquefaction in 1968, Three Channel Flat was the most extensively studied at the time. Sutherland (1970) notes that patches of ejected sand occurred either in a linear arrangement ·with a fissure linking the flows or in a random pattern with no linking fissures. Presumably the formation of the linear fissure with sand ejection indicated some lateral mass movement, while the unconnected random pattern of boils, which he notes were found at Three Channel Flat and Walkers
Flat, mark areas of complete liquefaction on virtually level ground. (Dodd, 1970; Dunlop, 1968) investigated sand boils at the south west of the flats with auger. borings and sieve analysis.
Dodd and Dunlop
The log of their boring, starting from the bottom of a recently excavated trench, is shown in Figure 6 ; grain size distributions of the ejected and subsurface sand strata are shown in Figure  7 .
Note the similarity of the sand gradings. Presumably the ejected sand came from the lower layer, below the water table.
Liquefaction also occurred at Three Channel Flat in the 1929 Murchison earthquake according to an article in the June 19, 1929 issue of the Wellington "Evening Post", which reports "Paddocks at Three Channel Flat are covered with white sand".
Sand Ejection near Inangahua Township
The confluence of the Buller and Inangahua rivers near the Inangahua township is marked by large areas of young alluvial river terraces. There are several contemporary reports (Lensen and Suggate, 1968; Adams et al., 1968 , Sutherland, 1970 Dodd, 1970) of sand boils on these terraces in 1968; and patches of sand show up well on the aerial photographs. Figure 8 , drawn up from the photographs, shows the areas in which ejected sand is apparent. Sutherland (1970) reports a witness's account of water gushing to a height of 3m in the fields immediately to the north of Inangahua and that the "gusher" was active for at least an hour and a half after the earthquake.
Walkers Flat
Aerial photographs from runs c and D of the 1968 post earthquake photography show ejected sand over a large part of Walkers Flat. Figure 8 shows 1.65m 
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FIGURE 8:
LOCATION OF EJECTED SAND SHOWING IN THE 1968 AERIAL PHOTOGRAPHS AT SITES NEAR INANGAHUA,
The eyewitness accounts and photographs taken near Mr G. Meddows' farmhouse at the east end of the flat are of particular interest. The photographs in Figure 9 show sand boils in the paddock immediately to the north of the farmhouse. Mr Meddows remembers sand and water being ejected from vents in the vicinity of the farmhouse and cowshed during some aftershocks as well as the main shock. But he did not notice any sand ejection in the area following the 1962 Westport earthquake sequence.
Keoghan Farm, Sergeants Hill
Mr Noel Keoghan's farm is situated on the banks of the Orowaiti Ri~er, south east of Sergeants Hill.
His house is marked on Figure 10 . Mr Keoghan observed sand boils in the paddocks to the north of his house following the 1929 earthquake and again in 1968.
From 1929, when he was a boy of 11, Mr Keoghan remembers geysers of sand and water 5 to 6 feet high, leaving sand cones 2 to 3 feet high.
In 1968, smaller cones were formed, about 6 inches high, in the same general area.
Small sand boils were also observed by Mr Keoghan in the bed of the orowaiti River immediately to the south of his house.
Mr Keoghan's daughter, Mrs Wayne Meddows of Whitecliffs, also observed the•l968 boils in the Orowaiti River, known locally as Giles creek.
Mr
Keoghan also observed premonitory behaviour amongst his livestock immediately before the 1968 earthquake.
At the time, he was bringing in his cows for their morning milking.
It was dark and he was passing a shed housing pigs.
First the pigs started to squeal; about 3 seconds later the cows stampeded; then Mr Keoghan was thrown to the ground by the earthquake. Following the earthquake there was a strong smell of sulphur and the sound of many landslides in the surrounding hills. Also, cracks opened in the ground passing through the Gaynors' house at 14 Shelswell Street and others on the south side of Shelswell Street.
The cracks were roughly parallel to Shelswell St, (and to the nearby beach) and were of the order of a few hundred millimetres wide.
Mr Gaynor, employed by the Westport Borough Council at the time, remembers having to add 1.2m of pipe to reconnect the broken water main running approximately north-south along Derby St, near Kilkenny Park. Taken together with the cracking, the broken water main suggests that a large mass of surficial soil had moved towards the coast on a layer of liquefied sand. May, 1968 , reports several fissures on the race track and a large 6m by Sm "boil up" of sand and water at the entrance to the front straight of the inside training track. The report has photographs of both the sand boil and fissures.
To the west of Patterson Park at lOa Derby St, sand erupted under a house with sufficient force to lift .. it, rotate it and leave it skewed on its foundations.
(The house was subsequently demolished. The position of the 1968 boil and house was in front of the present house at number lOa).
Another sand boil was seen by Mr James Fischer to erupt in the grass verge in front of the house at 2 Salisbury Street, in 1968. A less definite report also had water coming out of the ground somewhere near 23 Romily Street, in the same general area. She could not locate the boils pre-cisely, after 57 years, but they were in the area shown in Figure 13 .
Little Wanganui area, 1929
Mr and Mrs R. Duncan of Little Wanganui can both remember seeing sand boils following the 1929 earthquake, at the approximate locations shown in Figure 14 .
Karamea area, 1929
Sand boils were observed at several places around the Karamea township and further up the Karamea River valley. Also, in numerous places, water and sand was exuded from cracks in the ground, especially in road and railway embankments, indicating liquefaction-driven spreading phenomena.
Karamea School
The most frequently commented-on site was the Karamea School and the adjacent Domain sports field, shown in Figure 15 . The 1929 earthquake occurred during school hours and many of the elder present-day residents of the district were then at school. Three eyewitnesses independently referred us to a site immediately in front of the old school building, where sand and some gravel was ejected.
An auger boring made at the school in May 1987 (Bienvenu, 1988) found a gravelly coarse sand, answering the general description of the ejecta, from a depth of about 2 to 3m and overlain by silts and clays. The water table was at a depth of 2.2m in May 1987.
Sand boils and the ejection of sand from cracks were also reported elsewhere in the school grounds and in the paddock across the road to the north of the school.
Anderson's Farm, Arapito, 1929
Mr Cyril Lineham of Arapito, then a school boy at the Arapito school, remembers seeing sand and water together with some gravel ejected in the land to the south of the present road at Arapito at the location labelled " Anderson's Farm" (after the present owner) in Figure 15 . Auger borings at the site indicated by Mr Lineham found coarse sand, overlain by sandy silts from a depth of about 2m.
The coarse sand contained some small pebbles, from 15 to 30mm in size, consistent with Mr Lineham's description of the ejected material. 
Kongahu Mudflats, Karamea, 1929
Although he was away from Karamea at the time, Mr Karl Jones clearly remembers his grandfather describing sand boils erupting around him in the estuary between Kongahu and Maori Point, where he was fishing at the time. The rough location is shown in Figure 15 .
Near Karamea Golf Course, 1929
As well as remembering sand ejection in the school grounds, Mr Johnson also recalls a line of fence posts toppled just to the west of the pond between the aerodrome and the coast, immediately south of the present golf course.
The approximate location is shown in Figure 15 . Auger borings in the paddock immediately to the south of the Monahan house showed 500 to 700 mm of silt overlying a layer of very loose fine-to-medium sand, itself about 500 to 900 mm thick and underlain by gravel. The water by Grigg (1947) shows a photograph of a heap of gravel some 2 m high, which is claimed to have been produced by the 1929 earthquake. However a marginal note in a document shown to us by Mr and Mrs Monahan states that the gravel heap existed before the earthquake, and was presumably a stockpile of roading material.
Greymouth, 1929
The "Evening Post" of June 19, 1929 reports "At the south of the Grey Lagoon mud and sand were exuded during the big shock, and formed little hillocks on grass-covered areas. The fluid is straw-coloured, while the sand is of a different kind to that of the vicinity. One vent forced out a fence post." This clearly indicates the ejection of sand from well below the ground surface. 
Unconfirmed Reports
MAGNITUDE-DISTANCE RELATIONSHIP
The 18 cases of liquefaction found in the Buller region are plotted on a magnitudedistance diagram in Figure 17 , together with the Kuribayashi and Tatsuoka (1977) Early aftershocks together with local isoseismals are shown in Figure A . l. First motion studies by Adams and Lowry indicate a predominantly thrust mechanism, consistent with the small amount of surface faulting observed near Inangahua Junction (Lensen and Suggate, 1968) . This is also in agreement with a separate study by Johnson and M9lnar (1972) who conclude that the mechanism comprised a mixture of thrust and strike-slip motion, with the slip vector not well-determined. Robinson et al_. (1975) and Rial and Cormier (1980) also discuss the Inangahua rupture mechanism. Boyes (1971) reports ground displacements found from resurveys of the land survey network. He finds an area of uplift close to the area of aftershock epicentres, with a maximum uplift of 2.7 m occurring to the east of Inangahua. The earthquake triggered an especially large number of landslides, aided by the steepness of the mountain terrain and the particularly wet midwinter weather of the preceeding weeks. An epicentral intensity of MM XI was recorded, and the shock felt throughout New Zealand.
Fault movement was oblique, but dominantly a thrust motion.
Where the fault crosses the Buller Gorge road a vertical offset of 4.5 m was observed (Fyfe, 1929; Henderson, 1937) , with a left lateral horizontal offset of about 2.5m (Berryman, 1980) . The length of surface rupture does not appear to have been well explored, something that is understandable give the very mountainous and bush-clad terrain.
Recent studies of landslide distribution (Pearse and O'Loughlin, 1985; Pearse and Watson, 1986) indicate that the rupture region was centered north of the Buller Gorge. Eiby (1968) gives a magnitude of 7 3/4 and an epicentre of 41.8#S, 172.2#E.
In a catalogue o·f revised magnitudes and epicentres, Smith and Berryman (1983) give the values of M = 7.6, and 41.7#S, 172.2#E, although Eiby (1980) gives the magnitude as 7.8. Perhaps these different values serve to indicate the uncertainties.
Further early studies of the earthquake were made by Ferrar and Grange (1929) , Ferrar (1930) and Bastings (1933 Bastings ( , 1935 . Eiby (1980) gives a succinct general account of the very severe effects of the earthquake.
The isoseismal map shown in Figure 1 was taken from Eiby's revised map, published in the undated report of Willett (about 1962) .
